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The missing transverse energy + single-jet signature has been investigated as a probe
for the discovery of large extra dimensions, in the framework of the ADDmodel, with
the CMS detector. Signal and background samples have been simulated and studied
in detail. Techniques to estimate the background contributions via data-driven meth-
ods are discussed. The discovery reach is studied for initial luminosities at the LHC
collider at
√
s = 14 TeV, taking into account systematic uncertainties. It is shown that
a significant improvement of the existing limits can be obtained from early data.

11 Introduction
This note presents procedures that will be used to search for evidence of ADD extra dimen-
sions in the missing transverse energy plus a single jet (EmissT +1 jet) channel using the Compact
Muon Solenoid (CMS) detector, for an integrated luminosity of up to 100 pb−1 and 7 TeV pro-
ton beams. Projected exclusion limits and the discovery potential are presented.
The ADD model [1] proposes to solve the hierarchy problem between the electroweak and
Planck scale by introducing a number δ of extra dimensions, which in the simplest scenario are
compactified over a torus and all have the same radius R. If the fundamental scale MD of the
gravitational potential is of the order of TeV, at short distance gravity can become stronger than
in ordinary space and light Kaluza-Klein gravitons can be directly produced. Gravitons are
weakly coupled to ordinary matter, therefore they escape detection and can only be inferred
from the amount of missing energy. This study considers the production of one graviton G and
one energetic hadronic jet from qq¯ → gG, qg → qG, and gg → gG processes. The current best
lower limits on MD at 95% confidence level (C.L.) are 1.600 (1.040) TeV for δ = 2(4), from the
LEP [2] and Tevatron [3, 4] experiments.
2 Signal and background generation and reconstruction
The new physics signal addressed in this study has a simple signature:
• A high-transverse momentum (> 300÷ 400GeV) jet in the central region (|η| < 1.7),
possibly accompanied by less energetic jets from initial or final state gluon radia-
tion. No other energetic jets are produced, neither central nor in the very forward
direction, creating a typical ‘mono-jet’ signature;
• a large EmissT (same order of magnitude of jet pT) emerging almost back-to-back to
the leading jet in the transverse plane.
Several Standard Model processes may mimic such a topology. This study addresses the
most relevant ones: Z+jets with the Z decaying into two neutrinos (‘irreducible’ background);
W+jets followed by a leptonicW decay (faking the signal when the lepton is not reconstructed);
QCD di-jets (when one or more jets are mismeasured and/or a significant amount of EmissT is
produced by hadron decays); top quark production (both tt and single-top, contributing when
missing energy and energetic jets point in opposite directions).
2.1 Signal production
The ADD-model signal has been produced thanks to the SHERPA generator [5] version 1.0.11.
In order to explore the sensitivity in a wide energy spectrum, 18 different samples with MD
ranging from 2 to 7TeV and δ = 2, 3, 4 have been produced. Since the ADD cross sections are
usually computed in an effective theory approach [6], the cut prescription
√
sˆ < MD has been
introduced in the generation step. A pT cut-off pˆT >200GeV on the parton1 recoiling against
the graviton was also introduced.
With these production parameters, signal cross sections (LO) are evaluated by SHERPA for the
18 samples. A selection of them is reported in Tab. 1.
For each subsample with a given (MD, δ) a statistics of about 105 events was produced. Al-
though the graviton has a larger boost when moving to higher fundamental scale, it can be
1Hereafter, pˆT is intended as the transverse momentum of the outcoming parton in jet production (gluon or
quark).
2 3 Trigger optimization studies
shown that transverse momentum and jet multiplicity do not show any striking dependence
either on δ or MD and the topologies are fairly similar.
δ = 2 δ = 4
MD = 2 TeV 49.246± 0.056 18.914± 0.022
MD = 4 TeV 4.253± 0.005 0.998± 0.001
MD = 6 TeV 0.862± 0.001 0.109± 0.001
Table 1: ADD cross sections (and errors from generation stage) as evaluated by the SHERPA
program with the generation parameters detailed in the text. All values are in pb.
2.2 Background production
The set of background processes listed in the previous section has been generated with a sam-
ple size corresponding to an integrated luminosity of 100 pb−1 or more, with the exception of
low pˆT QCD samples.
All the boson+jets and tt samples have been produced with ALPGEN 2.12 [7] with 0 < pˆT <
3200GeV forW/Z+jets, while largemultijet QCD backgroundwas generated by PYTHIA 6.409 [8].
The standard software framework adopted by the CMS collaboration (CMSSW) was exploited
in the whole simulation and reconstruction chain.
Data samples have been reconstructed with calibration and alignment constants based on the
detector calibration stage expected for 100 pb−1 of data.
3 Trigger optimization studies
A detailed description of the trigger system in CMS can be found in [9]. This study optimizes
a trigger stream based on the following two quantities:








We considered the trigger setup adopted in SUperSYmmetry (SUSY) searches, which shares
many of the backgrounds with the present analysis (in particular the QCD dijet events).
The trigger envisioned for SUSY consists in HT > 200GeV and a threshold p0T = 10GeV at first
level trigger (L1), followed by HT > 250GeV, MHT > 100GeV and p0T = 20GeV at High Level
Trigger (HLT). It is reasonable to assume that such a HT + MHT trigger will be viable for the
analysis under study, especially in the early stages whenMHT is believed to be a quantity more
reliable than EmissT . The QCD rate at HLT from this trigger is expected to amount to 3Hz; the
efficiency for the signal under study was found to be reasonably high, (65.9± 1.2)%. Hence,
we consider it suitable for this analysis and we will use it in the following.
The trigger has been object of an optimization study, whose results are shown in Figures 1. The
signal efficiency at HLT as a function of the p0T is reported on the left-hand for different sets of
(HT, MHT) thresholds. By changing the thresholds on HT and p0T, the signal efficiency can be
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Figure 1: a) Efficiencies for the HT + MHT trigger for a benchmark signal. Here the MHT, HT
thresholds are fixed and the p0T cuts are varied. b) Efficiencies for different benchmark signals,
as a function of MHT.
4 Signal and background analysis
A cut-based analysis procedure is detailed in this section. Threshold cuts on the quantities that
have been demonstrated to be most sensitive to SM suppression have been optimized, with the
aim of maximizing the signal over background ratio in the relevant kinematic region.
4.1 Definitions of variables
Jets have been reconstructed using an iterative cone (IC) algorithm with ∆R = 0.5, but the
results presented in this note do not depend significantly on the clusterization details.
The missing transverse energy was calculated from the vectorial sum of the transverse energy
of all calorimeter towers with E > 0.8GeV and ET > 0.5GeV. No jet energy scale corrections
were applied.
4.2 Selection and efficiencies
In order to reduce the impact of hard gluon radiation in the selection, the analysis has used only
jets with pT > 40GeV and |η| < 3. A cut EmissT > 400GeV was imposed early at the selection
level. Jets are ordered in pT and thus referred as leading (jet 1) and secondary (jet 2) jet.
Figure 2a) displays the distribution of leading jet momentum for all the generated background
except single-top (which contribution is negligible).
To clean the events from both isolated lepton contaminations (as from W(lν)+jets) and elec-
trons and photons clustered as jets two variables were used:
• Jet ElectroMagnetic Fraction (JEMF), defined as the fraction of jet energy collected
by the electromagnetic calorimeter over the total energy. Lowering JEMF of the two
most energetic jets below 0.9 removes a significant fraction of background from the
QCD, tt andW(eν)+jets;
• Track Isolation Veto (TIV). A hollow cone 0.02< ∆R <0.35 was drawn around a
track with pT > 15GeV and the TIV defined as (∑0.02<R<0.35 pT) /pT(trk 1), where
pT(trk 1) is the transverse momentum of the leading track and the cone lower cut
excludes the track itself. Rejecting events with TIV < 0.1 resulted in a reduction of
W(lν)+jets and tt.
The combined usage of these two variables is commonly referred to as ‘Indirect Lepton Veto’.























































Figure 2: a) Transverse momentum of leading jet for ADD signal (MD = 2 TeV, δ = 2) and
relevant backgrounds. Event number is normalized to 100 pb−1. b) Number of jets for signal
and relevant backgrounds. A veto against three or more jet events turns out to be the optimal
cut to minimize the QCD contribution. Histograms are overlaid, not stacked.
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Figure 3: a) Angle in the transverse plane between the EmissT and the secondary jet. Choosing
events with ∆φ(jet 2, EmissT ) > 0.5 can exclude a large part of the QCD, tt and W+jet back-
grounds. b)Missing transverse energy distribution after all selections are applied. Histograms
are overlaid, not stacked.
The leading jet was required to have pT(jet 1) > 350GeV and |η(jet 1)| <1.7.
The signal jet multiplicity is peaked around 2 and rapidly decreases for higher number of jets
(Fig. 2b)). A veto against events with more than two jets was found to be an optimal choice: the
signal efficiency decreases not more than 20% while the rejection factor for QCD and tt ranges
between 2.5 and 3.5.
To further reduce the tt and QCD backgrounds, events with azimuthal difference between the
leading or secondary jet andmissing transverse energy∆φ(jet 1, EmissT ) > 2.8 and∆φ(jet 2, E
miss
T ) >
0.5 were selected. The distribution of ∆φ(jet 2, EmissT ) is displayed in Fig. 3a).
Missing energy distributions for signal and background are shown in Fig. 3b), after the com-
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tt¯ Z(νν)+jets QCD W(eν)+jets W(µν)+jets W(τν)+jets
Trigger 3860 1280 4.92 · 105 1199 1617 1488
EmissT > 400GeV 36.6 54.8 17.9 19.5 63.7 36.3
JEMF < 0.9 32.0 52.4 17.2 8.8 60.6 32.0
TIV < 0.1 12.2 46.3 14.2 4.3 5.9 13.0
pT(jet 1) > 350GeV, 9.8 36.6 11.8 3.3 4.5 9.9
|η(jet 1)| < 1.7
Number of jets < 3 2.2 28.9 4.6 2.3 2.8 6.9
∆φ(jet 1, EmissT ) > 2.8, 0.5 25.7 < 0.6 2.0 2.0 5.5
∆φ(jet 2, EmissT ) > 0.5
Table 2: Number of selected events for each group of cuts in the relevant background samples,
normalized to 100 pb−1.
δ = 2 δ = 4
MD = 2 TeV MD = 6 TeV MD = 2 TeV MD = 6 TeV
Trigger 3060 54.4 1190 7.98
EmissT > 400GeV 691 12.1 244.7 3.05
JEMF < 0.9 658.6 11.6 231.8 2.9
TIV < 0.1 539.2 9.5 185.2 2.2
pT(jet 1) > 350GeV, 343.1 6.5 117.1 1.6
|η(jet 1)| < 1.7
Number of jets < 3 286.8 5.4 98.3 1.2
∆φ(jet 1, EmissT ) > 2.8, 261.5 4.9 90.1 1.1
∆φ(jet 2, EmissT ) > 0.5
Total Efficiency (%) 8.1± 0.5 8.5± 3.8 7.1± 0.7 13.2± 13.2
Table 3: Number of selected events for each group of cuts in four signal subsamples, normal-
ized to 100 pb−1. Uncertainties on efficiencies are statistical only.
plete set of selections has been applied. A clear excess of events appears on top of Z(νν)+jets
with a large EmissT tail.
4.3 Summary of selection cuts
The effect of each group of cuts is reported in Tab. 2 for all the Standard Model processes
and in Tab. 3 for some benchmark signals. The absolute expected number of events is shown
for 100 pb−1 of data. Table 3 confirms that both the kinematic and geometric features of the
reconstructed ADD signal are uniform for MD from 2 to 6 TeV and δ from 2 to 4, thus the
selection efficiencies are consistent within the statistical uncertainties. The numbers of events
are found to scale with the cross section, which decreases as 1/Mδ+2D .
In addition, a fraction of γ+ jet production might have an undetected photon, so that a non-
negligible amount of events may contaminate the signal region, thanks to the large cross section
of the process. This class of events has been generated by PYTHIA and proven to have less than
0.040 events surviving the selection for pˆT > 170GeV. The effects of the machine induced
background (‘beam halo’) and cosmic rays have not been included. We are assuming that the
introduction of pointing tracks and out-of-time energy deposits in the selection can efficiently
reject these contributions.
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5 Data-driven background estimation
In the following, procedures are proposed to evaluate the irreducible background of Z(νν)+jets
(here referred also as “invisible Z” background) and W(e/µ/τν)+ jets. The aim is to derive
the background contributions with as little Monte Carlo dependence as possible, in order to
minimize hard-to control simulation uncertainties.
5.1 Z(νν)+jets background estimation
In the CMS PTDR [10] the invisible Z background is estimated by use of Z → µµ production.
Unfortunately only few Z → µµ events satisfying all the selection criteria are expected in data
samples of less than 1 fb−1; thus different strategies are needed.
In Ref. [11] it has been shown how the Z invisible background can be derived from samples of
events containing a high-pT W(→ lν) boson, as well as a photon produced with high-energy
jets. The EmissT spectrum is obtained by removing the identified lepton or photon and correcting
for residual differences between these events and invisible Z events. The higher statistics of
these samples allows the application of all search criteria.
Since the γ+jets method was found to have a large contamination fromQCD background, here
W+jets events with a subsequentW → lν decay are used instead, to predict the missing energy
spectrum for invisible Z at high-pT. This method is outlined in the following.
5.1.1 Estimate with theW(µν)+ jets channel
The event selection defining the control region has been kept as close as possible to that of the
EmissT + 1 jet signal, except for the muon requirement:
• the event is triggered by a HLT for a single (not isolated) muon;
• exactly one muon with pT > 20GeV is required. The muon must be isolated with
µIso < 1GeV, where µIso = ∑∆Rtrk pT(trk) and ∆R = 0.3. The sum is performed
excluding the muon itself;
• jets that are closer than a ∆R = 0.5 cone from the muon direction are ignored;
• the resulting sample undergoes the signal selections, with the isolated muon track
excluded from the Track Indirect Veto.
Different irreducible backgrounds with at least one well-isolated muon and jet can pass the
selection. The composition of the control region is reported in Tab. 4 for theW(µν)+jets channel
and the background at different stages of the event selection. All values are quoted for 100 pb−1
Since the requirement of an isolated muon reduces the effect of the lepton cleaning algorithm,
important contaminations from tt andW(τν) affect the control region and have to be accounted
for. The QCD events are not expected to be relevant here, but since this background is subjected
to many uncertainties, a data-driven procedure has been carried out and is described in the
Appendix A.
Concerning the other contaminations, W(τν)+ jet has a significant impact and has to be sub-
tracted. The rejection power of the last three sets of cuts, that are defining the event topology
(Tab. 4), is consistent between W(τν)+ jet and W(µν)+ jet within 2÷ 3%. This indicates that
the shapes of the missing energy distribution are quite similar for the two processes, so the
ratio determined from Monte Carlo could be used to retrieve the number W(τν)+ jet from
W(µν)+ jet, with little systematic uncertainty.
As a cross-check of this method, it has been observed that allW(τν) events entering the region
have a muon from τ decay. Therefore, the composition of the control region can be assumed to
be:
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Selection W(µν)+jets W(τν)+jets tt¯
Single isolated µ 453009 16374 7924
EmissT > 400 GeV 40.8 6.8 9.6
JEMF < 0.9, TIV < 0.1 34.5 5.8 7.3
pT(jet 1) > 350GeV, 26.6 4.5 5.1
|η(jet 1)| < 1.7
Number of jets < 3 21.9 3.6 2.5
∆φ(jet 1, EmissT ) > 2.8 20.0 3.3 2.0
∆φ(jet 2, EmissT ) > 0.5
Table 4: Number of events for the W(µν)+ jets control region. All normalizations refer to
100 pb−1.
NContr = [1+ Br(τ → µνν)]N(W(µν) + jets)Contr + N(tt¯)Contr . (1)
The remaining fraction of tt¯ is considered as a contamination of the control region and included
as a systematic bias. With Br(τ → µνν) = 0.1736± 0.0005 [12], the method produces the num-
ber of events in the control region N(W(µν) + jets)Contr = 19.9± 4.5 (stat.)+1.6−0.0 (syst.), which is
consistent with the Monte Carlo result. Subtracting this value from the control region leads to
a N(W(τν) + jets)Contr = 3.45± 0.77 (stat.)+0.27−0.0 (syst.), to be compared with the expected 3.32
events.
To reproduce the number of Z(νν)+jets invisible background, the number of selectedW(µν)+jets
has to be rescaled accounting for the following factors:
• ratio between Z(νν)+1 jet and W(µν)+1 jet production cross sections. The theo-
retical cross section ratio was obtained from ALPGEN and the ratio was found to be
constant with a 0.92% approximation, and affected by uncertainty on Parton Density
Functions (PDF) by about 1%. The quadratic sum of these effects can be assumed as
a systematic uncertainty;
• muon reconstruction and isolation efficiency. The efficiency ratio can be studied
from data using a standard ‘Tag and Probe’ method, exploiting the Z → µµ channel
and having a triggered isolated muon as a tag. In the present Monte Carlo study,
this efficiency was estimated as 81% and the expected uncertainity at 100 pb−1 is 5%
(calculated with the method described in Ref. [11]);
• trigger efficiency for the single-muon trigger stream. In order to reduce the simula-
tion dependence, the efficiency can be also measured with a Tag and Probe method.
The statistical uncertainty has been calculated e.g. in Ref. [13] and is about 2%.
Applying all the correction factors with their uncertainty, the number of invisible Z events in
the signal region is found to be N(Z(νν) + jets)Sig = 21.9± 4.9 (stat.)+2.1−1.4 (syst.). In Fig. 4 the
Z background EmissT distributions taken directly from Monte Carlo and from our data-driven
method are displayed, along with their ratio. The two shapes are consistent and confirm that
theW(µν)+ jet process can be used to estimate the Z(νν)+ jet background2.
2Here it is implicitely assumed that, when extrapolating a dataset to infer the other, correctione for the acceptance
of two different trigger is included.
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Figure 4: Selected Z(νν)+ jets events (black circles) and estimate fromW(µν)+ jets procedure
(blue squares, a)) and their ratio b)). Error bars come from Monte Carlo statistics.
5.2 Other background sources
As quoted in Tab. 2, theW+ jet background followed by aW → τν decay can contribute up to
∼ 16% of the total background.
These events can be estimated in a data-drivenway by using again the control region addressed
in Sec. 5.1.1, where the QCD component has been suppressed to a negligible level. Beside
the irreducible contribution, that region is composed of W+ jets decaying to µν (79%) or τν
(13%) final states and tt (8%). The latter component has been subtracted from the background
and considered as a systematic contamination. Since it is expected to be measured with a 8%
precision with 100 pb−1 [14], the number of top events can be normalized without relying on
theoretical expectations.
The contribution of W(τν)+jets in the signal region can be derived as done in Sec. 5.1.1, then
rescaling for the muon trigger, reconstruction and isolation efficiencies as for Z(νν)+jets. This
results in N(W(τν) + jets)Sign = 4.89± 1.09 (stat.)+0.46−0.39 (syst.) with 100 pb−1.
When the procedure is applied to the other W channels, it produces N(W(µν) + jets)Sign =
1.76± 0.39 (stat.)+0.17−0.14 (syst.) and N(W(eν) + jets)Sign = 1.75± 0.39 (stat.)+0.16−0.13 (syst.). All these
values are consistent with the direct Monte Carlo estimates reported in Tab. 2.
6 Impact of systematic effects
An overview of the effects induced by theoretical and instrumental uncertainties is summa-
rized in Table 5.
To estimate the cross-section sensitivity to theoretical errors, the renormalization and factoriza-
tion scale has been varied from Q/2 to 2Q (where Q =
√
sˆ), and uncertainties based on the
CTEQ6M [15] error PDF’s have been derived.
The uncertainty on the jet energy scale has been reproduced by shifting the jet 4-vector with a
common (1± α) factor and repeating the analysis. For this early LHC stage, α = 10% can be
conservatively assumed irrespectively of the jet energy.
Missing transverse energy has been obtained from calorimeter towers, so the uncertainty on
energy deposits can have an additional effect on the number of events passing the 400GeV cut
on EmissT . The effect has been simulated applying a ±σ(EmissT ) shift to the uncorrected miss-
9Source Effect on number
of signal events (%)
Hard process scale +11−13
Background modeling 5.0
PDF +8.7−6.7




Total theoretical uncertainty on signal +14.9−15.5
Total instrumental uncertainty on signal +16.7−19.9
Luminosity with 100 pb−1 10.0
Table 5: Overview of the effect from systematic uncertainties considered in the analysis. Super-
scripts/subscripts in the second column correspond to+/− variation imposed on parameters,
respectively.
ing transverse energy, where±σ(EmissT ) is the EmissT resolution determined from the calorimeter
measurement and can be found in Ref. [16]. Systematic uncertainties due to EmissT and jet en-
ergy resolution were found to be negligible: after a gaussian smearing of energy (by 10%) and
φ angle (by 0.1 rad), the maximum effect is 3% on signal efficiency while the S/B is almost un-
affected. The uncertainty on the instantaneous luminosity was taken to be ±10%.
The jet energy and the EmissT correlation has not been checked in detail, but a preliminary study
shows that the two quantities are completely correlated. Therefore, the effects from scale vari-
ation have been summed linearly.
7 Discovery potential and exclusion limits
A first estimate for the mono-jet discovery reach can be obtained by considering all the relevant
background sources, the ADD signal efficiency, and the impact of systematic effects. Combin-
ing the results from the previous section, the total background can be quoted as:
NB = 30.7± 6.8 (stat.)+2.7−1.5 (syst.) events
expected for 100 pb−1 of integrated luminosity.
The significance estimator SPL (Profile Likelihood) from Ref. [17] (and references therein) is
chosen. It can been computed from a likelihood ratio, where the likelihood function is a Poisson
distribution for the total number of observed event (NS + NB), multiplied by a Gaussian with








non + no f f
+ no f f ln
no f f (1+ τ)
τ(non + no f f )
)1/2
, (2)
that is tailored for an on/off problem (background estimated from the sidebands of a signal
region). To convert it to the actual problem, here it is assumed τ = NB/(∆B)2, no f f = τNB and
non = NS + NB as prescripted in Ref. [17].
Using SPL and the results for different values of MD, δ, a discovery sensitivity plot is derived as
a function of the MD and displayed in Fig. 5a). Systematic errors on the signal are incorporated
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Figure 5: a) Discovery potential of the analysis as a function of MD and δ. The significance
estimator SPL is defined in the text and the assumed integrated luminosity is 100 pb−1. b)
Exclusion plot at 95% C.L., showing the minimum luminosity necessary to exclude a given
value of MD.
in the NS estimate. Similarly, the 95% C.L. exclusion limit can be set by assuming that no signal
is present and there are only systematic and statistical fluctuations on background. Includ-
ing the luminosity uncertainty and the theoretical and instrumental systematic effect quoted
above, the exclusion plot in Fig. 5b) is obtained. It can be used to indicate MD exclusion limits
as a function of integrated luminosity. It has been verified that a decrease of the luminosity
uncertainty down to 7% does not change significantly the results.
8 Conclusions
A simulation study on the ADD model in the G+jet channel with a mono-jet plus EmissT sig-
nature has been studied with the CMS detector, focusing on the conditions expected with
100 pb−1 of data.
An ADD parameter scan has been performed in order to calculate the CMS sensitivity to the
studiedmodel. Evidence for an EmissT +1 jet signal can be obtained for values of the fundamental
scale MD lower than 3.58 (2.62) TeV for δ = 2(4), while 95% C.L. exclusion limits are expected
to be 4.61 (3.46) TeV for δ = 2(4). Current Tevatron limits are expected to be exceeded by more
than a factor 3, leaving plenty of room to explore large extra dimensions with the early LHC
data.
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A QCD estimate inW(µν)+ jet control region
The task of estimating the contribution of the QCD in the control region defined in Sec 5.1.1 is
accomplished by looking at a kinematic region where QCD events are dominant. Therefore, a
multijet distribution has been obtained with the following procedure:
• To enrich the QCD statistics, a set of relaxed cuts have been used: soft muon with
10 < µIso < 20GeV isolation criteria, leading jet pT and ∆φ(jet 2, EmissT ) cuts re-
moved. The number of the QCD events was evaluated for the control region EmissT >
400GeV and for a low-EmissT region E
miss
T < 100GeV;
12 A QCD estimate inW(µν)+ jet control region
• assuming that the shape of the QCD distribution is invariant between relaxed- and
tight- isolation cuts, the normalization of this source was extracted from the low-
EmissT region (once contributions from other backgrounds have been properly sub-
tracted). The efficiency ratio between relaxed and tight isolation cuts was estimated;
• the normalization and efficiency ratio allowed to infer the number of the multijet
events in the high missing energy tail.
QCD events were found to be the bulk of background in the EmissT < 100GeV region with
relaxed cuts (68,324 events). With the same cuts, 8.81 events were found for EmissT > 400GeV.
No events from tt and W(τν)+ jets survive the anti-isolation cuts and the contribution from
W(µν)+ jets (42 events) is negligible. When tight isolation cuts were applied to the low-EmissT
region, 4.47 QCD events remain. With this method, the QCD contribution to the W(µν)+ jets
control region can be evaluated to be 8.81/68, 324 · 4.47 = 5.76 · 10−4 events, which confirms
the very small QCD background.
